The conserved nature of sleep in Drosophila has allowed the fruit fly to emerge in the last decade as a powerful model organism in which to study sleep.
Introduction
35 Sleep in Drosophila exhibits many characteristics that are seen also in mammalian sleep, 36 including extended periods of quiescence, reduced arousal threshold, and hyper-consolidation of 37 sleep after sleep deprivation [1] . Further, drugs that alter mammalian sleep have analogous 38 effects in Drosophila, suggesting conserved neural and biochemical mechanisms [2] . The 39 conserved nature of sleep in Drosophila has allowed the animal to emerge in the last decade as a 40 powerful model for the study of sleep. 41 Much recent work in Drosophila has been focused on the discovery and study of certain 42 hyposomnolent mutants [3] [4] [5] [6] [7] . 43 In addition to reduced total sleep, hyposomnolent mutants also demonstrate altered sleep 44 architecture. Sleep is poorly consolidated: bout length is reduced as compared to control [3] [5] 45 [7] [8] . In some of these cases bout count is also reduced [5] , but more frequently it is elevated 46 [3] [7] [8] . One such example is Insomniac [3] [8], which is the basis of much of the modeling 47 work in this study. 48 The goal of this study is to produce a mathematical model that describes sleep behavior in 49 control animals. Further, I will examine the extent to which this model also holds true in the 50 hyposomnolent mutant insomniac. 51 My results may establish a new paradigm for analysis of sleep dysfunction in hyposomnolent 52 mutants. These techniques could also be used on higher animals, including humans. 53 
Methods
54 All animals came from the Bloomington Stock Center at Indiana University. Insomniac 55 corresponds to stock number 18307. w1118 was used as control. 56 Insomniac was outcrossed for 8 generations to an isogenic w1118 line to control for genetic 57 background. Only males were used in this experiment, for mutants and controls. Animals were 1-58 5 days old. 59 Sleep was monitored using TriKinetics' DAM2 Drosophila Activity Monitors, as previously 60 described [9] . Briefly, animals were placed inside activity tubes containing food made of 5% 61 sucrose and 2% agarose and then housed in an incubator with 12-hour:12-hour day:night cycles 62 at 25 degrees C and 85% humidity. Animals were given three days to acclimate to the day/night 63 cycle before data collection began. 75 Similar lines of fit are produced using activity bout data. In activity bout data analysis, 76 independent variable X represents activity bout count, and observed response variable Y 77 represents mean activity bout length. 78 Nonlinear regression assumes that the pool of residuals is drawn from a Gaussian distribution. 79 The D'Agostino & Pearson omnibus K2 test is used to test for attainment of this requirement.
80 R 2 is computed based on the data's adherence to the same ordinary least-squares nonlinear 81 regression line discussed previously. Specifically, R 2 = 1 -(SSres/SStot), where SSreg is the 82 sum of the squares of all distances along the y-axis between data points and the best-fit curve, 83 and SStot equals the sum of square of all distances along the y-axis between data points and the 84 horizontal line that runs through the mean of all y-values. 85 
Results
86 n = 31 per genotype and 64 total. Since each animal slept for four 24-hour periods, including 87 four days and four nights, we consider sets of 124 observations. Fig. 3 shows the individual animal data. 117 Sleep behavior is most regular in the case of control night (Fig. 3c) 
Equation 1
Equation 2 143 As b deviates from −1, a becomes a worse estimate of mean total sleep. For example, in Fig. 3b , 144 a = 68. This drastically underestimates total sleep for this genotype and timeframe. For b > −1, a 145 is an underestimate of mean total sleep. For b < −1, a is an overestimate. The tendency of a to 146 estimate total sleep, as well as the relationship between b and a I have just described, holds in 147 both control animals and in insomniac. In insomniac, a may not be as good an estimate of total 148 sleep, in part because b may stray further from -1. 149 The coefficient of determination R 2 may be of use. As described earlier, R 2 is greatest in the 150 setting of control sleep behavior at night. R 2 close to 1 indicates that the mathematical model 151 closely fits the data.
152 R 2 is closer to 1 in the nighttime, as compared to the daytime, with genotype controlled for. In 153 other words, control night has greater R 2 than control day; meanwhile, insomniac night has 154 greater R 2 than insomniac day. Additionally, R 2 is farther from 1 in insomniac, as compared to 155 control, with time of day controlled for. Insomniac night has lower R 2 than control night; 156 insomniac day has lower R 2 than control day.
157 So, in the daytime, and in insomniac, the model tends to fit the data less well.
158 Under conditions where R 2 is relatively low, such as insomniac day, 95% confidence intervals 159 for parameters a and b tend to be wider relative to the absolute value of these parameters. Also, 160 95% confidence bands tend to be wider as well in conditions with low R 2 . 
